Artificial linear structures can cause habitat fragmentation by restricting movements of animals and altering home ranges. The negative impacts of these linear structures, especially of those other than roads, on arboreal species have been rarely studied even though these species can be greatly affected because of their fidelity to the canopy. We studied the home ranges of an endangered arboreal marsupial, the western ringtail possum (Pseudocheirus occidentalis), with a focus on the impacts of a road and an artificial waterway on their movement. We radiotracked 18 females and 19 males along a major road and an artificial waterway near Busselton, Western Australia, for 3 years and estimated home ranges using an a-local convex hull (a-LoCoH) estimator. No possum crossed the road successfully during the monitoring period while one crossed the waterway. Males had a mean home range size of 0.31 ± 0.044 (SE) ha, almost double that of the females at 0.16 ± 0.017 ha. Possums near the waterway had larger home ranges (0.30 ± 0.048 ha) than those near the road (0.19 ± 0.027 ha), and the size increased with proximity to the waterway, probably due to the greater availability of nearby canopy connections and the lower availability of preferable foliage. These results demonstrate that both the road and waterway represent significant physical barriers to possums, and the artificial waterway influenced home ranges more severely than the road. This suggests that linear infrastructure other than roads can affect movements of strictly arboreal animals, and negative impacts of these structures need to be assessed and mitigated by reconnecting their habitat, just as those of roads.
Artificial linear structures can pose negative effects on wildlife populations by causing habitat destruction, lowered habitat quality, and habitat fragmentation due to barrier effects (Forman and Alexander 1998) . Severed or restricted movements and gene flow across artificial linear structures can further increase the risk of extinction in threatened wildlife species by lowering their fitness and adaptability (Forman and Alexander 1998; Frankham et al. 2002; Epps et al. 2005) . Habitat fragmentation can also restrict dispersal, which further increases the possibility of local extinction (Forman and Alexander 1998) . Studies of the impacts of roads on wildlife have become more common in recent years (Clevenger and Wierzchowski 2006) , and Forman (2000) suggested that road networks have ecological impacts on 20% of the land of the United States. Other linear infrastructure, such as artificial waterways, can also cause habitat fragmentation and restrict the movement of animals; however, studies on negative impacts of these types of infrastructure are rare compared to those of roads. Such studies are lacking especially on arboreal species even though they are thought to be highly vulnerable to the impact of habitat fragmentation due to their fidelity to canopies (McAlpine et al. 2006) . To investigate the impacts of different types of artificial linear structures on the movement of arboreal animals, we studied the movements and home ranges of western ringtail possums (Pseudocheirus occidentalis Thomas 1888) near an existing road and an artificial waterway that was built to ease flooding in the area.
Pseudocheirus occidentalis has experienced a dramatic decline in its numbers and range due to factors such as destruction and fragmentation of habitat and predation by introduced predators (de Tores et al. 2008 ). This species was recently classified as critically endangered in Australian national action plans for mammals and is expected to decline further in the future due to these continuing threats as well as climate change (Molloy et al. 2014; Woinarski et al. 2014) . Despite its endangered status, many aspects of its ecology and biology still remain unknown mainly due to the difficulty of capturing these strongly arboreal animals (de Tores et al. 2004; Wayne et al. 2005a; Woinarski et al. 2014) . These nocturnal folivores occupy a limited geographic range in the southwest of Western Australia, a major biodiversity hotspot on mainland Australia (Myers et al. 2000) . The peppermint tree (Agonis flexuosa) dominated woodlands of the Swan Coastal Plain between Bunbury and Dunsborough are their core habitat because A. flexuosa is their preferred food source and they are known to build nests ("dreys") using materials mainly from this tree species (Ellis and Jones 1992; Jones et al. 1994a; de Tores et al. 2004 ). However, the southwest region currently has the highest road density among all the regions in Western Australia except for the Perth Metropolitan region (Main Roads Western Australia 2014), and it is one of the most rapidly growing regions in Australia with up to 5.3% annual increase in its human population (Australian Bureau of Statistics 2014) . This rapid urbanization will contribute to further loss and fragmentation of P. occidentalis habitat. Wayne et al. (2006) found that the abundance of P. occidentalis in noncoastal jarrah (Eucalyptus marginata) dominated forests was negatively associated with habitat loss caused by forest fragmentation. The negative impacts of habitat fragmentation by roads on other possum species have also been documented (Wilson et al. 2007; Lancaster et al. 2011) ; however, little is known about the impacts of roads on P. occidentalis, let alone the impacts of artificial waterways.
Pseudocheirus occidentalis is known to be sedentary and strongly reluctant to traverse on the ground (Jones et al. 1994b) , and Wilson et al. (2007) found that similarly arboreal lemuroid ringtail possums (Hemibelideus lemuroides) avoided crossing a 5-to 20-m wide forestry dirt road and a power-line corridor at ground level. Given this information, we predicted that a major busy road and a 30-m wide artificial waterway would prevent P. occidentalis from crossing or further expanding their home ranges. Although these linear structures may present barriers on one side of possums' home ranges, the available vegetation along and away from these linear structures would enable possums to extend their home ranges into different directions; therefore, we also expected that the size of home ranges of P. occidentalis would not differ near and away from the road or waterway. In the process of testing these hypotheses, we also aimed to gain basic information on their home ranges, such as differences due to sex, reproductive season, and land use of their habitat.
Materials and Methods
Study area.-This study was conducted in Locke Nature Reserve and surrounding campsites, 9 km west of Busselton, Western Australia (33°39′S 115°14′E). This 200-ha reserve was managed by the Western Australian Department of Parks and Wildlife with no recreational activities by the public permitted. Its A. flexuosa-dominated habitat was known to support a high density of P. occidentalis (de Tores and Elscot 2010) . The public used the campsites surrounding the reserve throughout the year with a peak in summer. They saw P. occidentalis regularly but they did not directly interact with the animals due to the strongly nocturnal and arboreal nature of the species.
Caves Road, a 15-m wide single carriageway providing a 25-m gap between vegetation canopies, separated the nature reserve in the south from campsites in the north (Fig. 1) . The traffic volume on this road was highly seasonal and reached up to 15,000 vehicles per day during the peak holiday season (G. Zoetelief, Main Roads Western Australia, pers. comm.). On the eastern edge of the reserve, an artificially reinforced, straightened, and widened part of the Buayanyup River ("artificial waterway") ran from south to north, separating the reserve from a campsite. This 30-m wide artificial waterway was built in the 1930s to act as drainage in this historically flood-prone area and contained water throughout the year. Banks on both sides of the waterway were kept clear of vegetation to provide public access and access for maintenance, which resulted in a 45-m wide gap between canopy-level vegetation. Neither of these artificial linear structures had canopy connections across them, meaning that there was no connection among branches of trees that would allow possums to cross the clearings without descending to the ground.
Four 200 × 200-m study blocks (1A, 1B, 2A, and 2B) were set up so that 1A and 2A fell in the nature reserve, and 1B and 2B fell in campsites. 1A and 1B were directly opposite each other and separated by Caves Road, and 2A and 2B were directly opposite each other and separated by the waterway (Fig. 1) . The canopy connection in the campsites was limited compared to the nature reserve, in which canopy cover was mostly continuous except for a few firebreaks and a swampy area in the southern part of 2A. In 1A, there was a 5-m wide firebreak running parallel to the road without any canopy connection and a 4-m firebreak running perpendicular to the road with at least 2 sections with canopy connection that would allow P. occidentalis to cross the firebreak without descending to the ground (Table 1 ). In 2A, there was a 4-m wide firebreak running parallel to the waterway and a 2-m wide track running perpendicular to the waterway, both with more than 3 sections with canopy connections.
Data collection.-Pseudocheirus occidentalis was captured near and away from the road and waterway in all 4 blocks using a specially modified tranquilizer dart gun with darts containing a nominal dose of 12 mg/kg of Zoletil 100 (Virbac Australia, Milperra, Australia) following a method developed by P. de Tores and reported by Clarke (2011) . Initially, 3 adult males and 3 adult females in each block (i.e., 24 animals in total) were fitted with VHF radiocollars with a mortality function (AVM Instrument Company, Ltd., Colfax, California, or Biotrack, Wareham, United Kingdom). However, the number of monitored animals fluctuated throughout the monitoring period between March 2010 and March 2013 due to mortality and failure of some transmitters. When we failed to pick up signals from a radiocollar, we expanded the search area to check whether the individual had moved out of the range. We also searched for the particular individual near its last known location with spotlights. If we failed to locate and recapture the animal after a collar stopped transmitting or if an animal died, another adult of the same sex was captured and collared in the same block. Fifty-two adult individuals were monitored in total during 3 years.
Collared animals were located during the day and/or night with an average time span between locations of 6.4 ± 0.23 days. Each animal's location was determined by homing in using a 3-element Yagi antenna (Sirtrack, Havelock North, New Zealand) and an R-1000 telemetry receiver (Communications Specialists Inc., Orange, California). P. occidentalis is sedentary and homing on individuals did not cause them to move away from the researchers, so it was possible to record coordinates of each animal's locations using a handheld GPS unit (Mobile Mapper Pro, Magellan Navigation, Inc., Santa Clara, California). We recorded the species and estimated the height of every tree in which a collared possum was observed and calculated the proportion of A. flexuosa among the trees utilized by the possums. We also calculated the average height of the trees in the nature reserve, campsites, along Caves Road, and along the artificial waterway. Using Wilcoxon rank sum tests, the average height of A. flexuosa was compared between those in the nature reserve and those in campsites, between those within the thin strip along the road in block 1A and those outside of the strip in 1A, and between those within the thin strip along the waterway in block 2A and those outside of the strip in 2A. All procedures for handling animals were approved by the Animal Ethics Committee at The University of Western Australia (RA/3/100/539 and RA/3/100/1213). We conducted our fieldwork following the Australian code of practice for the care and use of animals for scientific purposes (National Health and Medical Research Council 2004) , which complies with the American Society of Mammalogists guidelines (Sikes et al. 2011) .
Estimation of home ranges.-Out of 52 individuals, 37 had enough data to be used for robust home range analyses (block 1A: 5 females and 7 males, 1B: 4 females and 5 males, 2A: 5 females and 5 males, 2B: 4 females and 2 males) after the assessment of incremental plots of estimated home range area against the number of locations using Ranges 8 (Kenward et al. 2008 ). This lack of data was due to mortality events and an unexpectedly large number of AVM collars failing prematurely. Both day and night locations were pooled for each individual in order to include foraging and resting locations into the estimation of its overall home range size. The average number of Table 1 .-Characteristics of study blocks and firebreaks at the study site near Busselton, Western Australia. Barrier is the type of artificial linear structure adjacent to the block, and direction of a firebreak is its direction against the closest barrier. Canopy connection is the number of sections with canopy connections that would allow possums to cross the firebreak without descending to the ground. locations recorded for each individual was 62.6 ± 5.78 (ranging from 26 to 156). Time to independence, which is the time span required between location records in order to achieve temporal independence, was estimated using Ranges 8. For 12 individuals, time to independence was estimated to be over 21 days, which was impractical especially if we were to have an adequate number of locations for robust analyses. To estimate home ranges accurately, having an adequate number of locations is more important than achieving independence between them (Reynolds and Laundre 1990; Rooney et al. 1998; Kernohan et al. 2001) . Given that P. occidentalis tends to go back to the same rest sites at dawn on consecutive days and that only one location was recorded on any day or night, we considered the existing sampling interval of approximately 6 days to be acceptable for the estimation of home ranges for this study.
There are 2 methods that have been commonly used to estimate home ranges in recent studies, kernel density estimators (KDEs) and local convex hull (LoCoH) estimator. KDE, described by Worton (1989) , is currently the most commonly used method; however, several authors reported that it tends to overestimate or fragment home ranges especially when their shapes are complex (Getz and Wilmers 2004; Wilson et al. 2007; Cumming and Cornélis 2012; Kie 2013) . LoCoH, especially the a-LoCoH method, has been reported to represent home ranges more accurately when there are "sharp" features like barriers although the process of implementation is more complicated than KDEs (Getz et al. 2007; Cumming and Cornélis 2012) . Our study area included potential sharp barriers such as a major road and an artificial waterway; therefore, we employed the a-LoCoH method to estimate the home ranges of P. occidentalis.
We used the tlocoh package (Lyons et al. 2013) in R version 3.0.1 (R Development Core Team 2013) without the time component s to estimate home ranges. We estimated the a value for each individual as described by Getz et al. (2007) and Lyons et al. (2013) and calculated 25%, 50%, and 95% isopleths of individual home ranges. Estimated home ranges were then visualized on ArcGIS 10 (ESRI 2012). We used the 95% isopleth as an estimate of home range to match the published literature, although the appropriateness of this value as a representation of a home range has been questioned when using KDE (Börger et al. 2006; Fieberg and Börger 2012) . The 25% isopleth was regarded as the core home range.
We estimated home range sizes during the breeding (April to July and September to November) and nonbreeding seasons (rest of the year), as observed in this study and also by Jones et al. (1994b) . Studied animals were found to stay in the same area over consecutive breeding seasons, so data over 3 years were pooled for both seasons to increase sample sizes. After an assessment of incremental plots, home ranges in the breeding season were estimated for 8 females and 6 males, and those in nonbreeding season were estimated for 11 females and 8 males. All the home range sizes were log-transformed to fit normality.
Factors influencing home range size.-We assessed the effects of the type of the closest barrier, distance from the closest barrier, sex, and habitat land use on the size of home ranges using a generalized linear model in JMP 10 (SAS Institute Inc. 2012; Table 2a ). We calculated the distance from the road or waterway for each individual as the shortest distance between Caves Road or the waterway and the central point of the 25% isopleth home range. We categorized animals in blocks 1A and 2A as the "nature reserve group," and animals in 1B and 2B as the "campsite group." We also included number of locations and body weight in the modeling to ensure home range estimates were not affected by the duration of monitoring or the size of the animals. We assessed whether reproductive season had an effect on the size of home range using linear mixed models with standard least square personality while setting individual identity as a random effect (Table 2b) . For all the modeling analyses, a normal distribution and identity link function were used. For each set of candidate models, we ranked models based on their corrected Akaike Information Criterion (AIC c ) values. We regarded models that ranked higher than the null model and with ∆AIC c of less than 2.0 as having a strong support, and those with ∆AIC c between 2.0 and 7.0 as having weak support from our data (Burnham and Anderson 2002) . When a model was found to have support from our data, we assessed the directionality and significance of the effects of factors based on parameter estimates and their 95% confidence intervals.
Results
Movements across the road and waterway.-Eight radiocollared individuals were located within 20 m of road edges for over 98% of their location records; however, none of them was found on the other side of its usual side on Caves Road during 3 years of monitoring (Fig. 2) . One male and 1 female were killed on the road 115 and 311 days after they were collared, respectively. Neither of them had been located on the other side of the road before the mortality events. One male that had been living on trees adjacent to the artificial waterway crossed the waterway from 2B to 2A 35 days after being collared and never crossed the waterway again for the rest of 210 days of monitoring.
None of the home ranges of P. occidentalis included Caves Road or the artificial waterway (Figs. 3a and 3b) , and the firebreak without canopy connection also seemed to restrict movements of some possums (Figs. 2 and 3a) . In 1A, all 5 individuals observed within the thin strip of trees between Caves Road and the west to east firebreak had narrow, elongated home ranges along the road compared to those on the other side of the road or firebreak (Fig. 3a) . By contrast, in 2A, where there were canopy connections, all 4 individuals observed within the thin strip of trees between the artificial waterway and the north to south firebreak had home ranges that included the firebreak and vegetation on the other side (Fig. 3b) . Visual inspections of the home ranges also revealed that where canopy connections were limited within campsites, the core of the home ranges of possums overlapped with groups of trees with continuous canopy (Fig. 3b) .
In all locations, A. flexuosa accounted for more than half of the trees on which radiocollared possums were observed but the proportion of possums observed on A. flexuosa within the nature reserve was higher away from the road or waterway than along the road or waterway (Table 3) . On average, A. flexuosa trees were significantly taller in the campsites than in the nature reserve (P < 0.001), away from the road than along the road (P = 0.001), and away from the waterway than along the waterway (P < 0.001; Table 3) .
Factors influencing the size of the home range.-When we examined individual factors, sex had the strongest influence on home range size followed by the type of the closest barrier, both of which ranked higher than the null model and had significant effects (Table 4a) . A model for the interaction between the type of and distance to the closest barrier also had stronger support from our data than the null model. None of the other factors such as land use and body weight had support from our data. The number of location records also did not have an effect on home range size, indicating that the number of location records collected was enough to conduct a robust estimation of home ranges.
The average home range size of males was 0.31 ± 0.044 (SE) ha, almost twice the size of the females' at 0.16 ± 0.017 ha. The average home range size near the waterway (0.30 ± 0.048 ha, n = 16) was about 1.5 times larger than that near Caves Road (0.19 ± 0.027 ha, n = 21). Given the strong influences of sex and the type of the closest barrier indicated by their AIC c values and 95% confidence intervals, a model combining these 2 factors was added to the analysis. This model had the strongest support among all models investigated, suggesting that both sex and the type of closest barrier affected the home range sizes of possums (Table 4a ). When we assessed the effect of reproductive season on home range size, all 3 models including reproductive season had weaker support than the null model, indicating that reproductive season was not a significant predictor of home range size for either sex (Table 4b) .
To further investigate the interaction between the type of and distance to the closest barrier, we separated possums into 2 groups according to the type of their closest barrier. The effects of distance to the barrier on home range size were then assessed separately for each group. Only the sex and null model had strong support (∆AIC c < 2.0) for possums near Caves Road, suggesting that the distance to the road was not a significant predictor of the home range size of possums (Table 5a) . By contrast, the home range sizes of possums near the artificial waterway showed a significant negative relationship with the distance to the waterway (Table 5b ).
Discussion
Effects of the road on movement and home ranges.-None of the collared possums was observed to successfully cross Caves Road in 3 years of monitoring, and both of the individuals that tried to cross the road were killed by vehicles. This indicates that the road was acting as a physical barrier to P. occidentalis, as expected. Although the possibility of possums crossing the road and returning to the original side between monitoring dates cannot be eliminated from our data, it is unlikely given the strong arboreal nature of this species. A similar lack of road crossings has also been reported in other arboreal animals, such as eastern chipmunks (Tamias striatus -Ford and Fahrig 2008) and squirrel gliders (Van der Ree et al. 2010) . Russell et al. (2009) found that a close relative of P. occidentalis, the common ringtail possum (Pseudocheirus peregrinus), was frequently killed on roads in Sydney, Australia. This arboreal folivorous species is naïve on the ground just like P. occidentalis, and this characteristic was thought to be one of the main contributing factors to its high frequency of road mortality. This suggests that P. occidentalis may also be experiencing a high level of road mortality on roads with no canopy connections, such as Caves Road, and highlights the multiple manners in which roads can negatively affect P. occidentalis. The proximity to the road did not affect the size of home ranges overall, as expected. Many vertebrate species expand their home ranges when the population densities and availability of food, refuge, or mates are low (Maher and Lott 2000) . P. occidentalis in our study area depends heavily on A. flexuosa for food and refuge, so it is likely that their home range sizes are influenced by the availability and quality of A. flexuosa foliage as well as population density. Harring-Harris (2014) studied the population density of P. occidentalis along Caves Road, along the artificial waterway, and within the nonedge habitat of Locke Nature Reserve and found that the density of the possums did not differ in these 3 areas. However, in the same study, Harring-Harris (2014) found that the water content of A. flexuosa leaves was higher along the road and waterway than in the nonedge habitat and that nitrogen content of the leaves was also slightly higher along the road. This and our results suggest that the higher water and nitrogen content of the A. flexuosa foliage along the road did not result in reduced home range size of P. occidentalis. One possible explanation for this lack of difference could be that the quality of foliage away from the road was already sufficient to sustain P. occidentalis in small home ranges, and the additional levels of water and nitrogen in foliage along the road did not change the behavior of possums. Our study area is located within the most pristine habitat for P. occidentalis (Jones et al. 1994a; de Tores et al. 2004) , and the home ranges estimated in this study were much smaller than those in a less ideal inland habitat studied by Wayne et al. (2000) : 5.01 ha for males and 1.26 ha for females. This suggests that the quality of habitat does affect the home range sizes of P. occidentalis, but the increase in water and nitrogen content closer to the road was possibly not large enough to alter their home range size.
It is also possible that other factors that increase the home range size of possums may have masked the effects of the higher quality foliage near the road. While roads may provide higher levels of water and nutrients to nearby soil due to runoff, they can also pose adverse effects on nearby vegetation by processes such as air and soil pollution and soil compaction (Trombulak and Frissell 2000) . For example, Bignal et al. (2007) found that air pollution near roads increased defoliation in oak trees (Quercus petraea) and Smith et al. (2001) found that soil compaction reduced the root growth of young A. flexuosa. Although Smith et al. (2001) did not study trees near roads, their results suggest that A. flexuosa is vulnerable to a known impact of roads. The proportion of A. flexuosa trees within the thin vegetation strip along the road in 1A was found to be slightly lower than that away from the road, and A. flexuosa trees in this strip were shorter than those outside of the strip (Table 2) . Whether these characteristics were caused by the presence of the road and whether they actually resulted in smaller quantity of A. flexuosa foliage is uncertain. An assessment of the levels of pollutants and soil properties as well as the quantity of A. flexuosa foliage near the road would be required to provide us with more insight into the negative impacts of roads on A. flexuosa trees and, as a result, P. occidentalis.
During our monitoring period, possums were regularly seen on the vegetation at the edge of the road foraging, grooming, socializing, and resting, and this suggests that they avoided crossing the road not because of environmental cues such as noise or light but because there was no canopy connection. Wilson et al. (2007) observed a similar trend in the lemuroid ringtail possum on a roadside. This suggests that the roadside vegetation is an important habitat for P. occidentalis as seen in other arboreal species studied by Downes et al. (1997) . Preservation of such habitat could prove beneficial to this (Goosem et al. 2005; Laurance et al. 2009; Goldingay et al. 2013) , providing a safe passage for arboreal animals to cross artificial linear structures, such as a wildlife crossing structure, would be an important step toward reducing and reversing their negative impacts. In support of this, as soon as a rope bridge was installed across Caves Road after the end of this study, possums started using it almost immediately and with a high frequency (Yokochi and Bencini 2015) .
Effects of the artificial waterway on movement and home ranges.-One male crossed the waterway during 3 years of monitoring; however, this crossing seemed to be a rare event caused by severe weather. The study area experienced strong gusts up to 55.4 km/h during the week it crossed the waterway (Australian Bureau of Meteorology 2014), and it is likely that the male fell in the water during this storm and subsequently swam to the other side. This individual never returned to the original side of the waterway after the crossing event, suggesting that the artificial waterway was also acting as a barrier for the possums, as we expected.
Contrary to our expectation, possums living closer to the waterway had larger home ranges than those away from it. The density of the possums was found to be similar near and away from the waterway, and the water contents in A. flexuosa foliage were slightly higher near the waterway possibly because of the proximity to the permanent water source (Harring-Harris 2014). Therefore, it seems that factors other than population density or water content in foliage caused the increased home range size. One possible cause of the home range expansion in P. occidentalis near the waterway is the lower availability of A. flexuosa foliage for food and refuge. We found that A. flexuosa trees within the vegetation strip next to the waterway were about 2 m shorter than those outside of the strip in the nature reserve, and the proportion of A. flexuosa was 25% lower inside the strip than outside (Table 2) . Given the high dependence of P. occidentalis on A. flexuosa, it is possible that possums along the waterway had to expand their home ranges in order to have access to a greater number of A. flexuosa. The availability of canopy connections across the firebreak along the waterway would also have allowed possums to cross the firebreak in search for more food and refuge. All 4 individuals that were recorded on the narrow strip of the trees along the waterway incorporated the vegetation on the other side of the firebreak into their home ranges (e.g., Fig. 3b ). This may also have caused them to have larger home ranges because they included the 2-m wide firebreak in their home ranges in order to get to the other side. Further investigations into the quantity of A. flexuosa leaves available near the waterway and other possible factors influencing the home range sizes, such as levels of other nutrients in foliage, are needed to identify what is causing this expansion of home ranges.
Both the road and the artificial waterway acted as a barrier to the movement of P. occidentalis; however, possums near the waterway had larger home ranges than those near the road. Brearley et al. (2010) also showed that impacts of barriers and urban edges on the squirrel glider changed depending on the types of the urban edges present, such as road edges or residential edges. It is therefore important that we do not assume that all barriers have uniform impacts on home ranges of wildlife.
Effects of the firebreaks.
-Surprisingly, a 5-m wide firebreak in the nature reserve along Caves Road with no canopy connection restricted the movements of some possums, and possums observed in the thin strip of vegetation between Caves Road and this firebreak had home ranges that were elongated along the road. The home ranges of possums on the opposite side of the road were not as elongated as those in 1A, indicating that this distinct home range shape was not caused by the presence of the road alone. Possums living next to the waterway in 2A did not have elongated home ranges even though there was a 4-m wide firebreak along the waterway, probably because of the canopy connections across the firebreak. Both the high quality of habitat and lack of canopy connections seem to have prevented the possums on the roadside in 1A from expanding their home ranges across the firebreak. Similar distinctive long and thin home ranges have also been seen in other arboreal marsupials, such as bobucks (Trichosurus cunninghami) and squirrel gliders (Petaurus norfolcensis) living in linear roadside remnants (Van der Ree and Bennett 2003; Martin et al. 2007) . Possums in campsites with limited canopy connection showed a similar behavior as they tended to stay within groups of trees with continuous canopy and traveled only occasionally to other trees across cleared patches. This confirms the strong unwillingness of P. occidentalis to traverse on the ground unless they are driven by the lack of resources and highlights their high susceptibility to the effects of habitat fragmentation.
Other factors influencing home range.-As we expected, males had larger home ranges than females, confirming the trend shown in previous studies on P. occidentalis (Jones et al. 1994b; Wayne et al. 2000; Clarke 2011 ) and in other arboreal marsupials (White 1999; Martin et al. 2007; Cruz et al. 2012; Law et al. 2013 ). However, reproductive season did not influence home range sizes of P. occidentalis, indicating that their home ranges during the nonbreeding season are already large enough for individuals to find mates or extra resources during the breeding season. The breeding season of the possums coincide with the season when peppermint foliage is more abundant or nutritious (Jones et al. 1994a (Jones et al. , 1994b Wayne et al. 2005b) , which would supply enough resources during this energetically demanding period. Our study area is considered to be a pristine habitat for P. occidentalis and it supports one of their highest known densities (Jones et al. 2007) ; therefore, the results may differ in other areas where the habitat is not ideal or where P. occidentalis occurs in lower densities.
Whether a possum lived in the nature reserve or campsites did not affect its home range size overall, and this is probably because the high quality foliage, high density of possums, and their strong fidelity to canopies prevented them from expanding home ranges despite the low density of trees in campsites. The lower density of trees in campsites could result in each tree having more access to water, nutrients, and sunlight. Harring-Harris (2014) found that the moisture content of A. flexuosa leaves was higher in the campsite. As P. occidentalis obtains most of their water from consuming leaves, this makes the leaves more favorable to the possums living in campsites than to those in the reserve. This is supported by the observation by the same author that the density of P. occidentalis in campsites north of Caves Road was about 4 times higher than that in Locke Nature Reserve. We found that possums in campsites remained within a group of trees with continuous canopy most of the time, again highlighting their unwillingness to descend to the ground. Wright et al. (2012) found that another arboreal marsupial species, the Virginia opossum (Didelphis virginiana), had smaller home ranges in an urban environment than rural habitat due to the greater availability of food and refuges in the urban areas. Due to the more specialized diet of P. occidentalis compared to D. virginiana, the effects of higher quality foliage, higher population density, and unwillingness to leave the canopy might have been just enough to counterbalance the effect of low density of trees, thus resulting in the lack of difference in home range sizes between campsites and nature reserve.
Although we did not detect differences in home range size between the nature reserve and campsites within our study site, home ranges estimated in jarrah forests (Wayne et al. 2000) and those of translocated possums (Clarke 2011) were almost 10 times larger than our estimates, indicating that the home range of this species can vary greatly depending on habitats and circumstances. For the first time, we estimated the home ranges of wild P. occidentalis in its core habitat based on long-term monitoring of multiple individuals, and home ranges of P. occidentalis in this study were expected to be smaller than those in other habitats.
Results from this study update and add to the essential ecological information required for the management of endangered P. occidentalis in its core habitat. Both a major road and an artificial waterway were acting as physical barriers to possums in our study, and individuals closer to the waterway had larger home ranges probably due to nearby canopy connections and the lower availability of their preferred foliage. This indicates that permanent artificial linear structures other than roads can have a similar or greater impact on the movement and home range of strictly arboreal mammals, and their impact needs to be assessed and mitigated similarly to those of roads. Even a seemingly harmless scale of linear clearing, such as a firebreak that offered no canopy connections across it, limited the movements and home ranges of P. occidentalis; therefore, providing passages at the canopy level is essential when clearing is likely to affect the movement of this endangered species. Vegetation adjacent to linear structures can have a high conservation value for arboreal animals like P. occidentalis, and these vegetation strips need to be reconnected by means such as wildlife crossing structures to mitigate negative impacts of habitat fragmentation.
